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Abstract!47* *48*
Background.**Australian*national*biomonitoring*for*persistent*organic*pollutants*49* (POPs)*relies*upon*age>specific*pooled*serum*samples*to*characterize*central*50* tendencies*of*concentrations*but*does*not*provide*estimates*of*upper*bound*51* concentrations.**This*analysis*compares*population*variation*from*biomonitoring*52* datasets*from*the*US,*Canada,*Germany,*Spain,*and*Belgium*to*identify*and*test*53* patterns*potentially*useful*for*estimating*population*upper*bound*reference*values*54* for*the*Australian*population.***55*
Methods.**Arithmetic*means*and*the*ratio*of*the*95th*percentile*to*the*arithmetic*mean*56* (P95:mean)*were*assessed*by*survey*for*defined*age*subgroups*for*three*polychlorinated*57* biphenyls*(PCBs*138,*153,*and*180),*hexachlorobenzene*(HCB),*p,p>58* dichlorodiphenyldichloroethylene*(DDE),*2,2’,4,4’*tetrabrominated*diphenylether*(PBDE*59* 47),*perfluorooctanoic*acid*(PFOA)*and*perfluoroctane*sulfonate**(PFOS).****60*
Results.*Arithmetic*mean*concentrations*of*each*analyte*varied*widely*across*61* surveys*and*age*groups.**However,*P95:mean*ratios*differed*to*a*limited*extent,*with*62* no*systematic*variation*across*ages.**The*average*P95:mean*ratios*were*2.2*for*the*63* three*PCBs*and*HCB;*3.0*for*DDE;*2.0*and*2.3*for*PFOA*and*PFOS,*respectively.**The*64* P95:mean*ratio*for*PBDE*47*was*more*variable*among*age*groups,*ranging*from*2.7*65* to*4.8.**The*average*P95:mean*ratios*accurately*estimated*age*group>specific*P95s*in*66* the*Flemish*Environmental*Health*Survey*II*and*were*used*to*estimate*the*P95s*for*67* the*Australian*population*by*age*group*from*the*pooled*biomonitoring*data.***68*
Conclusions.**Similar*population*variation*patterns*for*POPs*were*observed*across*69* multiple*surveys,*even*when*absolute*concentrations*differed*widely.**These*70*
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patterns*can*be*used*to*estimate*population*upper*bounds*when*only*pooled*71* sampling*data*are*available.*72* *73* *74*
! !75*
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1! Introduction!76* National*biomonitoring*efforts*designed*to*characterize*the*levels*and*distribution*of*77* environmental*chemical*pollutants*in*populations*have*typically*relied*upon*a*sampling*78* and*analysis*strategy*including*hundreds*or*thousands*of*individual*biological*samples.**79* Such*efforts*are*underway*in*countries*including*the*United*States*(the*National*Health*and*80* Nutrition*Examination*Survey,*or*NHANES),*Canada*(the*Canadian*Health*Measures*Survey,*81* or*CHMS),*Germany*(the*German*Environmental*Survey,*GerES),*and*others*(Porta*et*al.*82* 2008;*Schoeters*et*al.*2011).**Biomonitoring*programs*are*resource*intensive,*often*83* requiring*an*extensive*infrastructure*and*expertise*dedicated*to*population*sampling*and*84* significant*financial*resources*to*analyze*the*collected*samples*(Porta*et*al.*2009;*Porta*85* 2012).**Such*detailed*sampling*strategies*allow*cross>sectional*analyses*for*potential*86* associations*with*both*environmental*sources*of*contamination*and*with*health*outcomes.**87* However,*if*the*goal*of*the*effort*is*to*characterize*population*exposure*levels*and*88* document*spatial*and*temporal*trends,*other*approaches*may*be*considered.*89* *90* In*Australia*and*elsewhere,*a*series*of*studies*relying*on*multiple*pooled*serum*samples,*a*91* less*resource>intensive*approach,*has*been*employed*(Karrman*et*al.*2006;*Toms*et*al.*92* 2009a;*Toms*et*al.*2009b).***Reliance*on*analysis*of*multiple*pooled*samples*allows*93* characterization*of*central*tendencies*of*concentrations*in*the*age,*gender,*and*94* geographical*groups*sampled.**This*approach*has*produced*information*allowing*95* evaluation*of*patterns*with*age,*gender,*region*of*Australia,*and,*over*time,*information*96* about*temporal*trends*in*the*central*tendency*of*measured*chemical*concentrations.***97* Analytes*examined*to*date*include*dioxin>like*compounds,*polychlorinated*biphenyls*98*
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(PCBs),*organochlorine*pesticides*(OCPs),*polybrominated*diphenylethers*(PBDEs),*and*99* perfluorinated*compounds*(PFCs).*100* *101* While*the*pooling*approach*allows*estimation*of*central*tendencies*(specifically,*arithmetic*102* means,*under*the*condition*of*equally*weighted*samples*contributing*to*each*pool)*of*103* concentrations*in*the*sampled*subgroups,*it*does*not*provide*direct*information*about*104* population*variation*in*biomarker*concentrations.**Characterization*of*population*variation*105* –and*in*particular,*estimation*of*typical*upper*bound*concentrations–may*provide*106* benchmarks*for*assessing*whether*individuals*have*biomarker*concentrations*beyond*107* those*typically*observed*in*the*population.**For*example,*the*German*Human*108* Biomonitoring*Commission*estimates*reference*values*at*the*95th*percentile*(RV95),*for*109* use*in*identifying*individuals*with*unusual*exposure*levels*(Angerer*et*al.*2011).**110* Characterization*of*population*upper*bounds*for*toxic*compounds*also*allows*comparison*111* with*health>based*screening*values,*when*available,*to*assess*whether*general*population*112* levels*approach*or*exceed*such*guidance*values.*113* *114* Statistical*approaches*have*been*published*to*estimate*population*variation*based*on*115* variation*in*concentrations*measured*in*multiple*pools*from*a*given*population*or*116* subpopulation*(Caudill*et*al.*2007;*Caudill*2010,*2011,*2012).**These*approaches*rely*upon*117* parametric*assumptions*regarding*the*shape*of*the*underlying*population*distribution.**As*118* an*alternative,*this*analysis*examines*empirical*patterns*in*survey*data*based*on*the*119* hypothesis*that*biological*variability*in*processes*relative*to*the*accumulation*and*120* elimination*of*such*compounds*may*be*similar*across*populations,*leading*to*similar*121*
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degrees*of*variation*in*biomarker*concentrations*in*different*populations,*even*when*the*122* absolute*levels*of*exposure*differ.**Specifically,*variations*in*biomarker*concentrations*of*123* persistent*compounds*within*a*population*and*age*group*that*are*exposed*to*a*given*124* matrix*of*environmental*concentrations*usually*are*controlled*by*a*few*factors.**These*125* include*interindividual*variation*in*metabolism*and*elimination*rates,*interindividual*126* variation*in*long>term*exposure*rates*(for*example,*high*fat*vs.*low*fat*diet,*for*lipophilic*127* compounds),*history*of*breast*feeding,*and,*in*the*case*of*lipophilic*compounds,*128* interindividual*variation*in*lipid*content*of*blood*(Bernert*et*al.*2007;*Phillips*et*al.*1989;*129* Porta*et*al.*2009).**The*net*effect*of*these*factors*on*the*degree*of*variation*of*biomarker*130* concentrations*may*be*similar*across*different*populations,*even*if*absolute*exposure*131* levels*are*not.*132* *133* This*project*examined*available*biomonitoring*datasets*from*the*US*National*Health*and*134* Nutrition*Examination*Survey*(NHANES),*the*Canadian*Health*Measures*Survey*(CHMS),*135* the*German*Environmental*Survey*(GerES),*the*Catalan*Health*Interview*Survey*(CHIS),*136* and*the*Flemish*Environmental*Health*Survey*II*(FLEHS*II)*to*inform*interpretation*of*the*137* Australian*pooled*biomonitoring*data.**The*objectives*of*the*present*study*were*to:***138*
• Compare*population*subgroup*arithmetic*mean*concentrations*of*the*subject*139* analytes* in* Australian* pools* to* those* observed* in* datasets* from* the* US,*140* Canada,*Germany,*and*Catalonia;*and**141*
• Assess* variation*within* population* subgroups* across* available* datasets* for*142* similarity*and*differences*for*key*persistent*organic*pollutants*(POPs).**143*
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We*use*the*results*of*this*analysis*to*estimate*population*95th*percentiles*(with*144* confidence*limits)*for*the*Australian*age*groups*based*on*the*pooled*sample*means*145* and*discuss*the*estimated*levels*in*the*context*of*health*risk*screening*values,*146* where*available.*147* *148*
2! Methods!149*
2.1$ Target$analytes$$150* The*focus*of*this*analysis*is*on*persistent*chemicals*that*are*found*widely*in*the*151* general*populations*in*countries*around*the*world.**Specifically,*we*included*152* analytes*that*are*likely*to*be*detected*at*high*rates*(so*that*methods*for*imputation*153* of*non>detected*concentrations*would*not*be*influential*in*the*calculation*of*mean*154* or*upper*percentile*statistics)*and*that*have*been*studied*in*multiple*population>155* representative*studies.**For*this*effort*we*selected*three*indicator*polychlorinated*156* biphenyls*(PCBs),*2,2’,3,4,4’,5’>hexachlorobiphenyl*(PCB*138),*2,2’,4,4’,5,5’>157* hexachlorobiphenyl*(PCB*153),*and*2,2’,3,4,4’,5,5’>heptachlorobiphenyl*(PCB*180);*158* the*organochlorine*pesticides*(OCPs)*hexachlorobenzene*(HCB)*and*p,p’>159* dichlorodiphenyldichloroethylene*(DDE);*two*perfluorinated*compounds,*160* perfluorooctane*sulfonate*(PFOS)*and*perfluorooctanoic*acid*(PFOA);*and*one*161* brominated*diphenyl*ether,*2,2’,4,4’>tetrabromodiphenyl*ether*(PBDE*47).**Not*all*of*162* these*analytes*were*available*in*all*datasets.*163* *164*
$ $165*
!
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2.2$ Datasets$166* Pooled*sample*biomonitoring*data*for*the*Australian*population*from*three*cycles*167* were*included*for*comparison*to*the*mean*values*for*each*analyte*from*the*other*168* surveys*in*order*to*assess*whether*the*Australian*mean*pool*concentrations*are*169* similar*to,*or*different*from,*those*observed*in*other*countries.**The*Australian*170* pooled*sampling*campaigns*rely*upon*surplus*sera*obtained*from*anonymized*171* samples*collected*from*community*pathology*laboratories*for*selected*demographic*172* (age*and*sex)*strata.**The*samples*are*not*selected*based*on*a*stratified*or*census>173* based*statistical*sampling*strategy,*but*rather*are*convenience*samples*collected*174* during*the*designated*time*periods.**Results*from*the*2002>2003,*2008>2009,*and*175* 2011>2012*sampling*efforts*were*included.**For*each*cycle*and*analyte,*four*pools*176* composed*of*100*individual*serum*samples*were*analyzed*for*each*age*group.**For*177* the*current*analysis,*the*average*and*inter>pool*standard*deviation*(SD)*of*the*178* analyte*concentration*in*multiple*age>stratified*pools*(combined*sexes)*were*179* calculated.**The*95*percent*confidence*limits*on*the*average*concentrations*for*each*180* age*strata*were*calculated*as*the*mean+/>*1.96*SD,*which*represent*the*2.5th*and*181* 97.5th*percentiles*of*the*normal*distribution*represented*by*the*observed*mean*and*182* SD.*183* *184* Biomonitoring*data*for*the*target*analytes*were*obtained*from*statistically*185* representative*population*survey*datasets*from*five*countries:**Germany,*the*United*186* States,*Canada,*the*Catalonian*region*of*Spain,*and*the*Flemish*region*of*Belgium.**187* Each*of*the*datasets*is*described*in*more*detail*below.*188*
!
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*189* The*German*Environmental*Survey*(GerES)*III*is*a*probability*sample*selected*in*190* 1998*to*be*representative*for*the*German*population*with*regard*to*region*(East>191* /West>Germany),*community*size,*age*(18*to*69*years)*and*gender*(Kolossa>192* Gehring*et*al.*2012a;*Kolossa>Gehring*et*al.*2012b;*Schulz*et*al.*2007).**GerES*IV*was*193* conducted*in*2003>2006*and*focused*on*children*ages*7*to*14*who*were*194* participants*of*the*National*Health*Interview*and*Examination*Survey*on*Children*195* and*Adolescents*(Schulz*et*al.*2012).**The*GerES*datasets*provided*data*on*the*three*196* indicator*PCBs,*HCB,*and*DDE.**The*GerEs*data*are*presented*in*terms*of*197* concentrations*in*whole*blood,*while*data*from*the*other*surveys*included*in*this*198* evaluation*present*data*on*the*basis*of*wet*weight*concentrations*in*serum*or*199* plasma*as*well*as*lipid>adjusted*serum*or*plasma*concentrations.*As*a*result,*the*200* arithmetic*means*of*the*concentrations*measured*in*the*GerES*cycles*cannot*be*201* compared*directly*to*the*other*surveys.*202* *203* The*US*National*Health*and*Nutrition*Examination*Survey*(NHANES)*is*a*stratified*204* multistage*probability*sample*of*the*civilian*non>institutionalized*population*of*the*205* U.S.,*and*is*conducted*on*a*continuous*basis*with*datasets*reported*for*two*year*206* periods.**For*the*present*analysis,*we*used*the*2003>2004*cycle*data,*which*reports*207* the*most*recent*data*available*for*PCBs,*HCB,*pp>DDE,*and*PBDE*47.**For*PFOA*and*208* PFOS,*data*have*been*reported*each*two>year*cycle*from*1999*through*2010.**For*209* this*analysis,*the*oldest*and*the*most*recent*available*datasets*were*selected*in*210* order*to*obtain*the*two*datasets*on*PFOA*and*PFOS*in*the*US*that*are*most*211*
!
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separated*in*time.***The*rationale*for*this*selection*is*that*we*are*interested*in*212* independent*evaluations*of*population*variation*including*evaluations*at*different*213* absolute*concentration*levels.**While*the*NHANES*surveys*conducted*at*different*214* time*periods*cannot*be*considered*independent*of*one*another*because*the*215* population*shares*the*same*historical*pattern*of*exposures*up*until*the*time*of*the*216* first*survey,*the*separation*in*time*at*least*increases*somewhat*the*independence*of*217* the*observations*as*well*as*providing*datasets*with*different*absolute*218* concentrations.*219* *220* The*Canadian*Health*Measures*Survey*(CHMS)*targets*the*Canadian*population*221* aged*6*to*79*years*living*at*home*and*residing*in*the*ten*provinces*and*three*222* territories*of*Canada,*estimated*to*represent*approximately*96.3%*of*the*Canadian*223* population*(Statistics*Canada*2011).**The*cycle*1*data*used*in*the*current*analysis*224* were*collected*from*2007*to*2009.**Data*for*all*of*the*target*analytes*were*available*225* in*the*CHMS*cycle*1*dataset.*226* *227* The*Catalan*Health*Interview*Survey*(CHIS)*was*conducted*in*2002*and*is*a*228* representative*sample*of*the*non>institutionalized*population*in*Catalonia*(Spain),*229* which*had*a*population*of*6,506,440*inhabitants*in*2002*(Porta*et*al.*2010).***The*230* CHIS*used*a*multiple>stage*random*sampling*strategy*and*it*provides*data*on*the*231* three*target*PCBs,*HCB,*and*DDE*for*this*analysis.*232* *233*
!
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The*Flemish*Environment*and*Health*Survey*II*(FLEHS*II)*examined*the*234* concentrations*of*numerous*analytes*in*newborns,*their*mothers,*and*in*235* adolescents*(Schoeters*et*al.*2011;*Schroijen*et*al.*2008;*Staessen*et*al.*2001).***236* *Concentrations*of*all*of*the*target*analytes*for*this*evaluation*were*measured*in*237* representative*samples*of*cord*blood*plasma*in*newborns*and*women*of*238* reproductive*age*(through*age*45)*in*2008>2009*and*in*adolescents*from*2008>239* 2011.***Concentrations*of*PFOA*and*PFOS*were*also*measured*in*young*adults*240* through*age*40*in*2008>2011*(Schoeters*et*al.*2011).*241* *242*
2.3$ Statistical$analysis$243* The*primary*goal*of*this*analysis*was*to*provide*information*that*could*be*used*to*244* estimate*a*95th*percentile*for*Australian*population*subgroups*by*age*based*on*the*245* pooled*sampling*effort*conducted*periodically*in*Australia.**For*the*Australian*246* pooled*analyses,*pools*are*assembled*for*six*age*groups:**0*to*4,*5*to*15,*16*to*30,*31*247* to*45,*46*to*60,*and*>=61*years.**Thus,*for*these*analyses,*each*of*the*included*248* datasets*was*stratified*into*corresponding*age*groups.**249* *250*
Bootstrapping$procedures.**The*analysis*focused*on*the*estimation*of*the*arithmetic*251* mean*and*the*ratio*of*the*95th*percentile*to*the*arithmetic*mean*(P95:mean*ratio),*252* as*well*as*confidence*intervals*for*these*estimates,*for*each*age*group*from*the*US,*253* Canadian,*German,*and*Catalan*datasets.**The*estimation*of*confidence*intervals*was*254* accomplished*using*bootstrapping*approaches.**For*each*dataset*and*age*stratum*a*255* two>step*process*was*followed.**First,*the*“true”*arithmetic*mean*and*P95:mean*256*
!
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ratio*were*calculated*using*the*appropriate*dataset>specific*survey*sample*weights.**257* Then*that*age*stratum*was*resampled*with*replacement*1,000*times.**For*each*258* iteration,*the*arithmetic*mean*and*the*P95:mean*ratio*were*calculated*using*the*259* appropriate*weights*and*recorded.**The*2.5th*and*97.5th*percentiles*of*the*resulting*260* 1,000*estimates*for*the*mean*and*P95:mean*ratio*were*then*selected*as*the*95%*261* confidence*intervals*on*the*point*estimates*of*the*“true”*mean*and*P95:mean*ratios.**262* All*analyses*were*conducted*using*Stata*12.1,*except*for*those*on*the*CHMS*dataset,*263* which*was*analyzed*by*scientists*at*Statistics*Canada*using*SAS*9.2*and*SUDAAN*264* 10.0.1*as*a*SAS>callable*extension.**In*addition,*the*analysis*of*the*CHMS*dataset*265* analyses*relied*upon*the*previously>established*bootstrap*replicate*weights*for*that*266* dataset,*which*provide*500*rather*than*1,000*iterations*of*the*calculation.**267* *268* Arithmetic*means*for*each*analyte*and*age*group*were*compared*across*269* populations.**The*observed*P95:mean*ratios*were*examined*for*patterns*across*270* surveys*and*across*age*groups*through*visual*inspection,*including*consideration*of*271* the*width*and*overlap*of*confidence*intervals.***272* *273*
Unified$ratios$and$validation.$$Four*survey*datasets*(NHANES,*GerES,*CHMS,*and*274* CHIS)*were*available*for*the*three*PCB*compounds*as*well*as*HCB*and*DDE.**Of*275* these,*the*bootstrapped*iterations*of*P95:mean*ratios*were*available*for*all*except*276* the*CHMS.**Using*the*bootstrapped*iterations*from*the*three*other*surveys,*we*277* constructed*a*“unified”*estimate*of*the*P95:mean*ratios*with*confidence*intervals*278* for*each*age*group*and*over*all*age*groups*for*each*of*these*compounds.**The*279*
!
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bootstrapped*iterations*of*the*P95:mean*ratio*for*each*analyte,*age*group,*and*280* survey*(except*for*the*CHMS*dataset,*for*which*the*estimates*were*not*available,*and*281* the*FLEHS*II*survey,*which*was*used*as*the*validation*set;*see*below)*were*282* appended.***One*thousand*bootstrapped*iterations*were*available*for*each*included*283* survey.**These*bootstrapped*iterations*were*combined*for*each*age*groups,*284* resulting*in*3,000*bootstrap*iterations*of*the*ratio*per*age*group*(the*surveys*were*285* weighted*equally).**The*median*and*2.5th*and*97.5th*percentiles*of*the*combined*286* iterations*of*the*P95:mean*ratios*for*each*analyte*and*age*group*were*calculated*287* and*reported*as*a*unified*estimate*with*95%*CI*from*across*the*US,*German,*and*288* Catalan*surveys.***Because*of*the*lack*of*apparent*systematic*variation*in*the*289* P95:mean*ratios*with*age,*we*further*combined*the*iterations*across*all*three*290* surveys*and*age*groups*for*each*of*the*five*analytes*(PCBs,*HCB*and*DDE).**The*291* resulting*14,000*iterations*were*used*to*generate*an*“all*ages”*median*P95:mean*292* ratio*with*95%*confidence*intervals*across*all*age*groups*and*the*three*surveys*293* (each*age*group*and*survey*weighted*equally).***294* *295* The*FLEHS*II*data*were*used*as*a*validation*dataset.**The*“true”*arithmetic*mean*296* and*95th*percentile*from*the*FLEHS*II*survey*for*each*analyte*was*calculated*for*297* each*included*age*group.**Using*the*unified*P95:mean*ratio*estimates,*a*“predicted”*298* population*95th*percentile*(with*95%*CI)*was*estimated*by*multiplying*the*true*299* mean*for*each*age*group*and*analyte*by*the*unified*ratio*(for*the*five*analytes*with*a*300* calculated*unified*ratio)*or*by*the*ratio*from*the*most*recent*NHANES*dataset*and*301* age*group*when*only*one*or*two*survey*sets*were*available.**Specifically,*none*of*the*302*
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population>representative*datasets*allowed*estimation*of*ratios*for*ages*0*to*4,*so*303* ratios*obtained*for*the*5>15*yr*age*group*were*applied*to*the*mean*concentrations*304* calculated*for*cord*blood*data*from*the*FLEHS*II*dataset*to*estimate*the*305* corresponding*95th*percentiles.**Similarly,*no*unified*ratio*estimate*was*available*for*306* PBDE*47,*PFOA,*or*PFOS,*so*the*ratios*from*the*most*recent*NHANES*survey*data*307* (2003>2004*for*PBDE*47*and*2009>2010*for*the*PFCs)*were*used*for*those*analytes.*308* The*predicted*95th*percentile*and*confidence*intervals*for*each*age*group*and*309* analyte*was*compared*to*the*true*95th*percentile*to*evaluate*if*the*distributions*310* observed*in*the*other*datasets*could*accurately*predict*the*upper*end*of*the*311* observed*distribution*in*the*FLEHS*II*dataset*based*on*the*arithmetic*mean*312* measures*in*that*dataset.*313* *314*
2.4$ Prediction$of$95th$percentiles$for$the$Australian$population$and$comparison$to$315*
health$riskDbased$benchmarks$316* The*same*ratios*evaluated*in*the*validation*exercise*against*the*FLEHS*II*dataset*317* were*applied*to*the*Australian*pooled*sampling*results*for*2011>2012*to*estimate*318* population*age*group>specific*95th*percentiles.**The*resulting*95th*percentiles*were*319* compared*to*an*available*screening*criterion*for*PCBs*(ANSES*2010)*and*320* Biomonitoring*Equivalents*for*HCB*and*DDE*(Aylward*et*al.*2010;*Kirman*et*al.*321* 2011,*respectively)*to*provide*a*perspective*on*the*potential*population*health*322* implications*of*the*estimated*upper*bound*reference*levels*in*the*Australian*323* population.**To*our*knowledge,*no*health*risk*screening*values*based*on*biomarker*324* concentrations*are*available*for*the*remaining*analytes*in*the*analysis.*325*
!
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!326*
3! Results!327* Each*of*the*datasets*included*in*this*analysis*covered*somewhat*different*age*ranges*328* and*numbers*of*sampled*participants*(Table*1).**Because*the*purpose*of*the*analysis*329* is*to*inform*the*interpretation*of*the*Australian*pooled*biomonitoring*surveys,*age*330* groups*were*defined*using*the*same*cutpoints*used*by*the*Australian*sampling*331* program.**Data*representing*the*youngest*age*group*(0*to*4*years)*was*not*available*332* for*these*analytes*from*any*of*the*available*datasets,*although*arguably*the*cord*333* blood*data*collected*in*the*FLEHS*II*may*be*most*relevant.**The*coverage*of*the*5>to>334* 15*age*group*was*only*partial,*with*substantial*overlap*in*the*GerES*IV*dataset*(ages*335* 7*to*14*included)*and*partial*overlap*in*the*NHANES*datasets*(12*to*15).***Similarly,*336* the*cutoff*ages*at*the*upper*end*varied*by*dataset.**337* *338*
3.1$ Comparison$of$arithmetic$means$and$P95:mean$ratios$across$surveys$339* The*arithmetic*means*and*95%*CI*and*the*P95:mean*ratios*and*95%*CIs*for*each*340* analyte*and*age*group*across*surveys*are*presented*graphically*in*Figures*1*through*341* 3.**These*statistics*are*also*tabulated*in*the*Supplementary*Data.**The*results*from*342* the*comparison*of*datasets*are*discussed*below*on*a*compound>by>compound*basis.**343* For*each*compound*several*issues*are*discussed.**The*plots*of*arithmetic*mean*344* concentrations*for*each*compound*allow*comparison*of*the*mean*concentrations*345* from*the*Australian*pooled*sampling*to*the*arithmetic*mean*concentrations*from*346* the*other*surveys*and*examination*of*the*trends*in*the*Australian*pooled*sampling*347* over*the*three*sampling*time*frames*included.**The*plots*of*the*P95:mean*ratios*by*348*
!
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age*group*for*each*compound*allow*examination*of*potential*trends*in*this*metric*349* with*age*with*each*survey*as*well*as*evaluation*of*the*consistency*of*results*among*350* surveys.**Tables*of*population*statistics*for*each*survey*are*available*in*351* Supplementary*Data.*352* *353*
PCBs$138,$153,$and$180.$Arithmetic*mean*concentrations*of*each*of*the*PCB*354* compounds*examined*displayed*a*marked*pattern*of*increasing*concentrations*with*355* age*in*every*survey,*consistent*with*previous*studies*(see,*for*example,*Patterson*et*356* al.*2009;*Figure*1).**The*only*exception*to*this*pattern*was*for*the*two*youngest*age*357* groups*as*examined*by*the*Australian*pooling*studies.**In*the*two*most*recent*cycles*358* of*Australian*studies*(2008>9*and*2011>12),*average*pooled*sample*concentrations*359* from*the*youngest*age*group,*0*to*4*years,*were*as*high*as*or*higher*than*the*360* concentrations*in*the*next*oldest*age*group,*5*to*15*years.**No*data*for*the*youngest*361* age*group*were*available*from*any*of*the*other*surveys,*so*this*result*likely*362* represents*a*previously*unexamined*pattern*that*may*relate*to*elevated*exposure*363* via*lactation*followed*by*growth*dilution*(Verner*et*al.*2009;*Verner*et*al.*2013).***364* *365* Arithmetic*mean*concentrations*varied*substantially*among*surveys*for*each*age*366* group*examined.**In*general,*the*CHIS*dataset*had*the*highest*arithmetic*mean*367* concentrations,*with*concentrations*in*each*age*group*for*each*of*the*PCB*analytes*368* more*than*ten*times*higher*than*the*concentrations*in*the*most*recent*two*369* Australian*pooled*sampling*efforts,*which*were*generally*the*lowest*levels*observed*370* in*each*age*group.**The*CHIS*was*conducted*at*the*earliest*time*point*of*any*of*the*371*
!
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included*surveys*that*present*data*on*a*lipid>adjusted*basis,*and*at*least*some*of*the*372* difference*in*arithmetic*means*between*this*survey*and*the*current*Australian*373* pooled*data*is*due*to*the*likely*decrease*in*levels*over*time*in*the*environment*and*374* in*the*population*since*the*CHIS*was*conducted.**The*US*and*Canadian*datasets*375* generally*exhibited*similar*arithmetic*mean*concentrations*at*each*age*group,*with*376* the*means*intermediate*between*the*Australian*and*CHIS*mean*concentrations.*377* *378* In*contrast*to*the*results*for*the*arithmetic*means,*the*P95:mean*ratios*observed*for*379* each*PCB*compound*were*relatively*similar,*both*across*age*groups*and*among*the*380* different*surveys.***P95:mean*ratios*for*all*three*compounds*were*generally*381* between*2*and*2.5,*without*any*clear*or*consistent*patterns*of*difference*by*age*or*382* survey.**The*only*exception*was*for*PCB*180*for*the*age*group*5*to*15*years.**Data*383* from*the*GerES*IV*and*NHANES*survey*both*suggest*that*the*P95:mean*ratio*is*384* approximately*3*for*this*analyte*in*this*age*group,*somewhat*higher*than*observed*385* in*the*older*age*groups.***386* *387*
HCB$and$DDE.$$The*arithmetic*mean*concentrations*for*HCB*and*DDE*also*displayed*388* a*trend*of*increasing*concentrations*with*increasing*age*in*each*of*the*datasets*389* included*(Figure*2).**As*with*the*PCB*compounds,*the*most*recent*Australian*pooled*390* sample*analyses*tended*to*show*the*lowest*concentrations,*with*a*trend*of*391* decreasing*concentrations*with*each*subsequent*survey.**As*with*the*PCBs,*the*392* Catalan*data*had*the*highest*mean*concentrations,*particularly*for*HCB*393* concentrations,*which*were*often*10>fold*or*more*higher*than*observed*in*the*other*394*
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surveys*at*each*age*group.**In*contrast,*DDE*mean*concentrations*were*somewhat*395* higher*in*the*Catalan*data*compared*to*the*other*surveys*(Porta*et*al.*2010;*Porta*et*396* al.*2012).*397* *398* The*P95:mean*ratios*from*the*different*surveys*were*not*as*consistent*for*HCB*as*399* for*the*PCB*compounds,*varying*both*within*and*between*age*groups*among*the*400* different*surveys*over*a*range*from*about*1.5*to*2.5.**In*particular,*the*NHANES*401* dataset*had*lower*ratios*for*each*of*the*adult*age*groups*compared*to*the*other*402* surveys,*although*the*ratio*for*the*5>15*age*group*was*similar*to*that*observed*in*403* the*GerES*IV*dataset.**For*DDE,*the*P95:mean*ratios*were*also*somewhat*less*404* consistent,*without*a*clear*pattern*either*across*age*groups*or*surveys.**Overall,*the*405* DDE*ratios*were*higher*than*those*observed*for*the*other*analytes,*ranging*from*406* approximately*2*to*3.5.***407* *408*
PBDE$47.$$Data*for*PBDE*47*was*available*only*from*the*Australian*pooled*sample*409* analyses,*the*US*NHANES*survey,*and*the*CHMS*(Figure*2).**The*arithmetic*mean*410* concentrations*of*PBDE*were*lowest*in*the*most*recent*Australian*pooled*analyses,*411* and*highest*in*the*US*NHANES*survey.**In*general,*the*most*recent*(2011>2012)*412* Australian*pooled*data*means*for*each*age*group*were*approximately*10>fold*lower*413* than*the*corresponding*values*from*the*2003>2004*US*NHANES*survey.**Unlike*for*414* the*PCB*and*organochlorine*pesticide*compounds,*there*was*little*evidence*of*an*415* increasing*trend*in*average*concentration*with*increasing*age*in*any*of*the*surveys.**416* This*may*be*a*consequence*of*several*factors,*including*a*less>distinct*or*absent*417*
!
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temporal*trend*of*declining*exposures*over*time*and*more*active*metabolism*of*this*418* compound,*resulting*in*somewhat*shorter*half>life*of*elimination*(Quinn*and*Wania,*419* 2012).****420* *421* P95:mean*ratios*were*available*only*from*the*NHANES*and*CHMS*surveys*and*did*422* not*present*a*consistent*pattern,*either*within*or*between*age*groups.**Ratios*423* ranged*from*approximately*2.7*to*nearly*5.**Both*of*these*datasets*represent*North*424* American*populations,*where*exposure*to*brominated*flame*retardants*has*been*425* substantially*higher*than*in*European*and*other*populations*(Harrad*et*al.*2010;*426* Roosens*et*al.*2009).**As*noted*above,*PBDE*47*is*actively*metabolized,*and*thus*427* variations*in*individual*efficiency*of*metabolism*may*vary*somewhat*more*than*for*428* the*more*passive*elimination*mechanisms*that*dominate*for*the*chlorinated*429* compounds*discussed*above.**In*addition,*indoor*dust*may*be*a*more*important*430* exposure*pathway*for*brominated*flame*retardants*compared*to*PCBs*and*OCPs,*431* potentially*resulting*in*more*variable*exposure*levels*within*populations.***432* *433*
PFOS$and$PFOA.$$Arithmetic*mean*concentrations*for*PFOS*and*PFOA*(Figure*3)*434* from*the*2008>2009*Australian*pooled*sampling,*the*CHMS*2007>2009*data,*and*the*435* 2009>2010*NHANES*data*are*fairly*similar*to*one*another*and*lower*than*the*436* concentrations*observed*in*the*earlier*Australian*sampling*(2002>2003)*and*the*437* earlier*NHANES*survey*(1999>2000).**For*PFOA,*the*CHMS*survey*appears*to*have*438* the*lowest*mean*concentrations*for*each*age*group*and*no*clear*differences*were*439* observed*among*age*groups.**For*PFOS*the*concentrations*are*very*similar*among*440*
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all*of*the*more*recent*datasets,*again,*with*no*striking*trend*by*age*group.***441* P95:mean*ratios*are*quite*similar*among*all*age*groups*for*PFOA,*ranging*between*442* approximately*1.7*and*2.2.**For*PFOS,*there*is*somewhat*more*variation,*but*overall,*443* the*ratios*again*range*fairly*narrowly,*from*about*1.7*to*2.6.***444* *445*
3.2$ Unified$Ratios$$446* The*availability*of*multiple*datasets*for*the*three*PCB*compounds,*HCB,*and*DDE,*447* presented*the*opportunity*to*combine*the*bootstrapped*estimates*of*P95:mean*448* ratios*from*all*of*the*datasets*both*within*and*across*age*groups.**As*discussed*in*449* methods,*confidence*intervals*on*the*ratios*were*estimated*based*on*1,000*450* bootstrapped*estimates*of*the*P95:mean*ratio*for*each*age*group*and*compound*for*451* the*US*NHANES,*the*GerES*III*and*GerES*IV*surveys,*and*the*CHIS.**Bootstrapped*452* ratios*were*also*calculated*by*the*CHMS*program,*but*the*individual*iterated*453* bootstrapped*values*were*not*available*for*combination*with*the*other*surveys.**As*454* a*result,*1000*bootstrapped*estimates*for*each*age*group*were*combined*from*the*455* US,*German,*and*Catalan*survey*analyses*in*order*to*estimate*unified*age>specific*456* and*overall*ratios*for*the*PCBs,*HCB,*and*DDE*(Table*2).***457* *458* Only*two*datasets*were*available*for*examination*for*patterns*in*PBDE*47*P95:mean*459* ratios,*those*from*CHMS*and*NHANES*(Figure*2).**As*discussed*above,*the*CHMS*460* bootstrapped*iterations*were*not*available,*and*the*pattern*of*results*was*quite*461* variable*both*between*surveys*and*across*age*groups.**As*a*result,*no*“unified”*462* estimate*of*ratios*was*attempted*for*PBDE*47.**Furthermore,*given*the*substantial*463*
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inconsistencies*in*results*across*surveys*and*across*and*within*age*groups,*it*is*464* difficult*to*identify*any*specific*dataset*that*would*be*most*appropriate*to*465* recommend*for*use*as*a*model*for*the*P95:mean*ratio*for*estimating*the*95th*466* percentile*in*the*Australian*population*data*based*on*the*pooled*results*for*this*467* compound.**In*the*absence*of*a*more*consistent*set*of*ratios,*the*age*group>specific*468* US*NHANES*P95:mean*ratios*for*PBDE*47*were*applied*to*estimate*95th*percentile*469* concentrations*in*the*FLEHS*II*survey*(as*a*validation*exercise)*and*for*the*470* Australian*population*based*on*their*pooled*sample*data.*471* *472* Three*datasets*were*examined*for*PFOS*and*PFOA.**As*discussed*above,*the*CHMS*473* bootstrapped*iterations*were*not*available*for*inclusion*in*a*unified*analysis.*474* However,*because*the*observed*P95:mean*ratios*across*the*two*NHANES*surveys*(a*475* decade*apart)*and*the*CHMS*survey*were*quite*consistent*both*within*and*between*476* age*groups,*the*results*from*the*most*recent*NHANES*survey*are*proposed*as*477* providing*a*reasonable*estimate*of*the*P95:mean*ratio*for*use*with*these*478* compounds.**These*are*presented*in*Table*3.*479* *480*
3.3$ Validation$481* The*FLEHS*II*data*were*used*as*a*validation*dataset.**The*calculated*arithmetic*482* means*and*95th*percentiles*for*each*age*group*and*analyte*are*presented*in*Figure*4*483* along*with*the*predicted*95th*percentiles*obtained*by*applying*the*all>ages*unified*484* P95:mean*ratios*estimated*from*the*analyses*described*above*for*the*PCBs,*HCB,*485* and*DDE.**Unified*ratios*were*not*available*for*PFOA,*PFOS,*and*PBDE*47,*so*age>486*
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specific*ratios*from*the*most*recent*available*NHANES*dataset*were*applied*for*487* those*analytes.**Because*no*ratios*for*the*youngest*age*group*were*available*for*488* these*analytes,*the*NHANES*ratios*for*the*next*oldest*group*were*used*to*predict*the*489* 95th*percentiles*in*cord*blood*samples.**Table*3*summarizes*the*applied*ratios*used*490* in*the*estimation*of*95th*percentiles*from*the*FLEHS*II*dataset.*491* *492* The*predicted*95th*percentiles*generally*matched*well*with*observed*ratios*in*the*493* FLEHS*II*dataset*for*all*ages*and*analytes,*with*some*exceptions*(Figure*4).**P95*494* concentrations*for*the*16*to*30*year*age*groups*tended*to*be*underestimated*for*the*495* PCBs,*DDE,*and*PBDE*47.**However,*given*the*wide*confidence*intervals*on*the*point*496* estimates*from*the*FLEHS*II*resulting*from*the*relatively*small*number*of*497* observations*in*this*age*group*in*the*dataset,*the*estimates*are*acceptable.**These*498* results*suggest*that*application*of*these*ratios*to*the*Australian*pooled*sample*499* concentrations*to*estimate*Australian*95th*percentile*concentrations*may*provide*500* useful*estimates.*501* *502* Of*particular*interest*in*this*analysis*is*the*fact*that*cord*blood*plasma*503* concentration*distributions*in*the*FLEHS*II*were*well*estimated*by*the*available*504* ratios*for*all*age*groups*(or*for*older*children,*in*the*case*of*PFOA*and*PFOS).***This*505* is*perhaps*not*surprising,*since*the*concentrations*in*cord*blood*are*likely*to*be*506* influenced*by*and*proportional*to*maternal*concentrations*through*both*in*utero*507* and*lactational*transfer.**Such*exposure*routes*do*suggest*caution*in*application*of*508* this*approach*if*factors*such*as*duration*of*breast>feeding*are*substantially*different*509*
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between*populations.**However,*the*results*here*do*support*the*idea*that,*at*least*in*510* some*circumstances,*cord*blood*sampling*and*analysis*for*the*purposes*of*511* population*characterization*could*be*conducted*using*pooled*samples*without*loss*512* of*too*much*information,*thus*maximizing*the*utility*of*the*limited*sample*volumes*513* available.*514* *515*
3.4$ Prediction$of$Australian$Population$Upper$Bound$Reference$Values$and$516*
Comparison$to$HealthD$or$RiskDBased$Screening$Values$517* The*same*unified*or*selected*P95:mean*ratios*evaluated*in*the*validation*exercise*518* (Table*3)*were*applied*to*the*Australian*2011>2012*pooled*means*to*estimate*the*519* current*95th*percentiles*in*the*sampled*Australian*age*groups.**The*resulting*520* analyte>*and*age*group>specific*P95*estimates*are*presented*in*Table*4.**The*521* confidence*intervals*on*the*estimates*should*be*noted*and*considered*when*522* interpreting*and*applying*the*95th*percentile*estimates.**And,*as*noted*above,*523* estimates*for*PBDE*47*should*be*considered*especially*carefully,*given*the*potential*524* for*varying*exposure*pathways*across*different*populations*(Harrad*et*al.*2010;*525* Roosens*et*al.*2009).*526* *527* Available*non>cancer*health*risk*screening*criteria*are*summarized*in*Table*5.***The*528* values*for*HCB*and*DDE*are*Biomonitoring*Equivalents*(BE),*estimates*of*the*529* steady>state*biomarker*concentrations*corresponding*to*the*cited*exposure*530* guidance*values*(Hays*et*al.*2008).**The*value*for*PCBs*was*derived*by*the*French*531* Agence*nationale*de*sécurité*sanitaire*de*l’alimentation,*de*l’environnement*et*du*532*
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travail*(ANSES)*based*on*studies*relating*human*health*outcomes*to*serum*lipid*533* PCB*concentrations*(Agence*nationale*de*securite*sanitaire*Alimentation*534* Environnement*Travail*(ANSES)*2010).**No*health*risk>based*screening*values*535* based*on*biomarker*concentrations*were*found*for*the*other*chemicals*in*this*536* analysis.*537* *538*
HCB.$$For*HCB,*the*BE*value*cited*here*is*47*ng*HCB/g*lipid,*which*is*the*estimated*539* steady>state*serum*lipid*concentration*corresponding*to*the*Minimal*Risk*Level*540* (MRL)*from*the*US*Agency*for*Toxic*Substances*and*Disease*Registry*(ATSDR)*(5E>541* 05*mg/kg>d).**This*value*was*derived*by*application*of*an*uncertainty*factor*of*300*542* to*a*lowest>observed>adverse>effect>level*(LOAEL)*for*mild*hepatic*toxicity*in*a*543* multi>generation*rat*study.**Other*BE*values*are*available;*however,*this*is*the*most*544* stringent*available*non>cancer*value*(Aylward*et*al.*2010).**Because*of*the*545* application*of*uncertainty*factors,*exceedence*of*the*BE*value*of*47*ng/g*serum*lipid*546* would*not*necessarily*be*expected*to*result*in*adverse*effects*in*humans.**However,*547* the*value*serves*as*a*conservative*screening*value*to*protect*against*potential*HCB*548* toxicity.**The*Australian*average*pool*concentrations*are*below*this*value*for*all*age*549* groups.**The*P95*estimates*for*all*age*groups*are*below*this*level*except*for*the*550* oldest*age*group*(>60*years).**The*estimated*P95*for*this*age*group*is*83*ng/g*lipid,*551* or*nearly*double*the*BE*value,*suggesting*a*potential*concern.***552* *553* BE*values*based*on*cancer*risk*from*HCB*(derived*from*rat*bioassay*data)*are*also*554* available.**The*Australian*mean*and*P95*values*across*all*age*groups*are*in*the*555*
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range*of*5*to*83*ng/g*lipid.**These*levels*are*consistent*with*BE*values*556* corresponding*to*cancer*risk*estimates*in*the*range*of*1*in*1*million*to*1*in*100,000*557* (Aylward*et*al.*2010).**This*range*of*cancer*risk*is*generally*considered*by*the*558* USEPA*to*be*in*the*target*range*for*acceptable*risks.****559*
$560*
DDE.$$BE*values*for*summed*DDT*and*metabolites*DDE*and*DDD*in*serum*lipid*are*561* available*(Kirman*et*al.*2011).**Generally*DDE*is*the*predominant*contributor*to*this*562* sum.**For*noncancer*endpoints,*the*BE*value*corresponding*to*the*USEPA*reference*563* dose*(RfD,*which*is*also*derived*based*on*rat*hepatic*toxicity*data)*is*5,000*ng/g*564* lipid.**The*Australian*pool*means*range*from*83*to*665*ng/g*lipid,*and*P95*estimates*565* range*from*245*to*approximately*2,000*ng/g*lipid,*and*so*are*below*the*non>cancer*566* BE*value.***Based*on*estimates*of*cancer*risk*derived*from*rat*bioassay*data,*the*567* highest*Australian*P95*(for*age*group*>60*yrs)*corresponds*to*an*estimated*cancer*568* risk*of*5*in*100,000,*while*the*lowest*pool*mean*value*corresponds*to*an*estimated*569* cancer*risk*level*of*2.5*in*1*million.***570* *571*
PCBs.$$The*French*ANSES*guidance*values*are*based*on*human*health*studies*that*572* examined*associations*between*human*health*outcomes*and*PCB*serum*lipid*573* concentrations*(ANSES*2010).**The*ANSES*evaluation*concluded*that*the*most*574* sensitive*responses*appeared*to*be*altered*neurodevelopmental*endpoints*in*575* children*exposed*in*utero*and*via*lactation,*and*a*“concentration*of*concern”*of*700*576* ng/g*lipid*was*set*for*infants,*children,*and*women*of*reproductive*age.**The*577* evaluation*also*concluded*that*for*other*adults*outside*these*categories,*a*value*of*578*
!
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1,800*ng/g*lipid*would*be*protective.**These*values*are*calculated*as*the*sum*of*PCB*579* 138,*153,*and*180*times*a*factor*of*1.7.***580* *581* In*the*Australian*pooled*data,*we*do*not*have*a*direct*assessment*of*the*sum*of*PCBs*582* 138,*153,*or*180*at*the*P95.**However,*a*conservative*approach*would*be*to*sum*the*583* P95*estimates*for*the*three*congeners*and*multiply*this*sum*by*1.7.**When*584* calculated*this*way,*none*of*the*Australian*age*groups*approach*the*ANSES*585* concentrations*of*concern,*suggesting*relatively*little*concern*based*on*the*current*586* health*risk*assessments*for*PCBs.***587* *588*
4! Discussion!589* The*results*from*this*analysis*suggest*that,*for*many*of*the*persistent*chemicals*590* examined*here,*the*degree*of*variation*between*typical*upper*bound*concentrations*591* as*estimated*by*the*95th*percentile*in*the*population*and*the*arithmetic*mean*in*the*592* population*is*reasonably*similar*between*populations,*even*when*the*absolute*593* levels*of*the*analyte*vary*substantially*across*these*populations.**This*observation*is*594* consistent*with*the*hypothesis*that*population*variation*in*biomarker*595* concentrations*for*these*persistent*analytes*may*be*heavily*influenced*by*factors*596* that*are*generally*similar*regardless*of*the*absolute*level*of*exposure,*for*example,*597* distribution*of*patterns*of*dietary*fat*intake*and*distribution*of*interindividual*598* variation*in*intrinsic*metabolic*or*elimination*efficiency*for*these*compounds.***599* *600*
!
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The*general*similarity*in*the*observed*P95:mean*ratios*across*surveys*suggests*that*601* the*distribution*of*concentrations*of*each*of*these*analytes*in*all*of*these*602* populations*(within*an*age*group)*can*be*reasonably*estimated*as*a*lognormal*603* distribution*with*different*geometric*mean*values,*but*similar*geometric*standard*604* deviations.**In*a*lognormal*distribution,*the*log*of*the*arithmetic*mean*(AM)*is*a*605* function*of*the*geometric*mean*(GM)*and*geometric*standard*deviation*(GSD)*606* (Caudill*et*al.*2007):*607* *608* log!" = log!" + ! (!"#!"#)!! ***** * * * * (1)*609* And*the*log*of*the*95th*percentile*(P95)*is:*610* *611* log!95 = log!" + !1.64 ∗ log!"#* * * * * (2)*612* *613* The*P95:mean*ratio*would*then*be*the*difference*of*equation*2*and*equation*1:*614* *615* log !!"!" = log!" + !1.64 ∗ log!"# −! log!" + ! (!"#!"#)!! * (3)*616* *617* which*is*618* *619* log !!"!" = 1.64 ∗ log!"# −! !(!"#!"#)!! * * (4)*620* *621*
!
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Thus,*the*P95:mean*ratio*in*the*theoretical*case*of*a*lognormal*distribution*is*622* independent*of*the*geometric*mean*and*depends*only*on*the*geometric*standard*623* deviation*of*the*distribution.***624* *625* This*analysis*provides*for*the*first*time*an*integrated*picture*of*the*patterns*of*626* arithmetic*mean*and*population*variation*in*selected*POPs*concentrations*across*627* several*national*biomonitoring*surveys.**The*inclusion*of*data*from*several*628* geographic*areas*and*over*a*number*of*time*periods*from*surveys*including*629* thousands*of*individual*samples*is*a*significant*strength*of*the*analysis.**However,*630* there*are*also*numerous*cautions*and*limitations*associated*with*this*analysis.**It*is*631* an*empirical*evaluation*of*the*patterns*observed*for*specific*analytes,*populations,*632* and*age*groups,*and,*as*such,*is*somewhat*limited*in*its*generalizability*to*other*633* analytes.**In*particular,*no*data*were*available*from*the*various*population*634* representative*surveys*for*the*youngest*age*group*(ages*less*than*1*to*4),*and*the*635* coverage*of*the*next*oldest*age*group*(5*to*15)*was*only*partial*in*the*various*636* datasets.**The*dataset*used*for*validation*(FLEHS*II)*did*not*assess*levels*in*the*637* oldest*two*age*groups,*although*the*consistency*among*the*included*datasets*is,*in*638* itself,*a*degree*of*validation.**Finally,*we*did*not*break*out*the*analysis*of*variation*639* by*sex.**Since*PFOA*and*PFOS*do*show*trends*by*sex,*with*adult*males*often*showing*640* higher*levels*than*adult*females*(Kato*et*al.*2011),*a*sex>specific*analysis*could*be*of*641* interest*for*these*compounds*in*particular.***642* *643*
!
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This*approach,*of*applying*empirically*observed*degrees*of*variation*to*estimated*644* population*arithmetic*means,*might*cautiously*be*applied*to*additional*analytes*645* beyond*those*evaluated*here*based*on*examination*of*the*P95:mean*ratios*from*the*646* NHANES*dataset,*which*is*one*of*the*largest*available*ongoing*programs,*647* particularly*if*factors*relevant*to*population*variation*in*exposures*are*partly*648* understood.**However,*the*application*of*the*approach*might*be*most*appropriate*649* for*relatively*persistent*analytes*for*which*the*distribution*of*concentrations*in*the*650* population*is*not*strongly*influenced*by*within>day,*within>individual*variation*651* (Aylward*et*al.*2012;*Pleil*and*Sobus*2013),*and*for*analytes*that*exhibit*generally*652* lognormal*distributions*in*the*NHANES*dataset.*653* *654* The*estimates*of*95th*percentiles*for*the*Australian*population*made*using*this*655* approach*based*on*the*pooled*sampling*efforts*conducted*to*date*have*several*656* applications.***Individual*biomonitoring*results*(for*example,*for*workers*with*657* potential*exposure*to*these*compounds)*can*be*assessed*to*identify*subjects*with*658* levels*above*those*expected*in*the*general*population.*Thus,*when*needed*for*659* evaluation*of*individual*biomonitoring*data,*these*values*can*be*used*as*provisional*660* estimates*of*the*upper*end*of*a*population*“reference*range”*(Angerer*et*al.*2011),*661* bearing*in*mind*the*uncertainties*associated*with*the*method*and*the*confidence*662* intervals*associated*with*those*estimates,*until*such*time*as*more*comprehensive*663* population>representative*datasets*can*be*derived.***664* *665*
!
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On*a*population*basis,*these*upper*bound*levels*can*be*compared*to*biomarker>666* based*health*risk*screening*values*in*order*to*place*the*estimated*range*of*667* population*biomarker*concentrations*into*a*health*risk*context.*For*the*analytes*668* examined*here,*screening*values*include*the*French*ANSES*concentration*of*669* concern*for*indicator*PCBs*(Agence*nationale*de*securite*sanitaire*Alimentation*670* Environnement*Travail*(ANSES)*2010)*and*Biomonitoring*Equivalents*for*671* DDT/DDE*and*HCB*(Aylward*et*al.*2010;*Aylward*et*al.*2013;*Kirman*et*al.*2011).***672* The*estimated*Australian*upper*bound*levels*for*the*various*analytes*with*available*673* screening*values*were*generally*below*the*those*screening*values,*with*the*674* exception*of*HCB*in*the*oldest*age*group,*suggesting*that*the*typical*range*of*675* concentrations*of*individual*compounds*observed*in*the*Australian*population*676* (through*the*95th*percentile)*are*not*likely*to*result*in*overt*health*effects*in*the*677* Australian*population*based*on*current*risk*assessments.*678* *679* The*consistency*in*the*degree*of*variation*for*a*given*analyte*has*implications*for*680* attempts*to*characterize*biomarker*concentrations*in*populations*that*have*not*681* previously*been*studied.**The*patterns*suggest*that*the*population*biomarker*682* concentrations*of*these*selected*compounds*(both*the*central*tendency*and*a*683* reference*upper*bound)*may*be*estimated*by*constructing*and*analyzing*pooled*684* samples*from*a*representative*selection*of*the*population,*at*least*as*an*initial*step.*685* Pooled*samples*provide*an*estimate*of*the*arithmetic*mean*concentration*in*a*686* studied*group,*although*the*geometric*mean*is*often*regarded*as*more*appropriate*687* measure*of*central*tendency*for*human*biomonitoring*data,*as*it*is*less*influenced*688*
!
!
* 30*
by*extreme*values.**Specific*considerations*for*the*design*and*execution*of*pooled*689* population*biomonitoring*studies*include*decisions*on*the*number*of*individual*690* samples*to*be*included*in*pools,*the*number*of*replicate*pools*per*population*691* subgroup,*and*geographical*distribution*of*individual*samples*comprising*the*pools*692* (Heffernan*et*al.*2014).**Detailed*discussion*of*these*issues*is*outside*the*scope*of*693* this*paper;*however,*information*provided*by*the*variation*analyses*presented*here*694* can*assist*in*some*of*these*decisions.**As*allocation*of*resources*to*biomonitoring*695* programs*is*considered,*the*patterns*in*variation*presented*here*for*selected*POPs*696* and*the*empirical*approach*presented*here*may*prove*valuable*in*obtaining*the*697* maximum*utility*out*of*data*generated*under*constraints*imposed*by*limited*698* resources*or*due*to*limited*analytical*sensitivity*that*requires*increased*sample*699* volumes*for*quantification*of*analytes.*700* *701* *702*
! !703*
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Table!1:!!Sample!sizes!and!actual!age!ranges!sampled!for!studies!included!in!analysis.!819! !820!
Study!(Years!of!Survey,!analytes)! N!by!Nominal!Age!Group!(Actual!age!range,!if!different)!0H4! 5H15! 16H30! 31H45! 46H60! 61+!GerES!III!!(1998,!PCBs,!OCPs)! H! H! 621!(18H30)! 1013! 841! 349!(61H69)!GerES!IV!(2003H2006,!PCBs,!OCPs)! H! 1062!(7H14)! H! H! H! H!NHANES!!(2003H2004,!subsample!b,!OCPs,!PBDEs)! H! 298!(12H15)! 571! 364! 285! 443!(61H85)!NHANES!!(2003H2004,!subsample!c,!PCBs)! H! 256!(12H15)! 598! 351! 231! 435!(61H85)!NHANES!(1999H2000,!PFCs)! H! 278!(12H15)! 486! 281! 193! 353!(61H85)!NHANES!(2009H2010,!subsample!c,!PFCs)! H! 179!(12H15)! 526! 465! 486! 577!(61H80)!CHMS!(2007H2009,!all!analytes)! H! H! 436!(20H30)! 907! 695! 841!(61H79)!CHIS!(2001H2002,!PCBs,!OCPs)! H! H! 186!(18H30)! 287! 274! 172!(61H74)!FLEHS!II!!(PCBs,!OCPs)! 250!(newborn)! 555!(13H15)! 46! H! H! H!FLEHS!II!(PBDE!47)! ! 555!(13H15)! 47! H! H! H!FLEHS!II!(PFCs)! 220!(newborn)! 168!(13H15)! 84! 146!(31H40)! H! H!!821! !822! ! !823!
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Table!2:!!Unified!P95:mean!ratios!based!on!NHANES,!GerES,!and!CHIS!datasets!by!age!group!and!overall!for!PCBs!138,!153,!and!824! 180;!HCB;!and!DDE.!825! !! Unified!P95:mean!ratio!(95%!CI)!Age!Group! PCB!138! PCB!153! PCB!180! HCB! DDE!5H15! 2.40!(2.09H2.67)! 2.51!(2.05H3.77)! 2.91!(2.19H5.44)! 1.87!(1.62H2.46)! 3.11!(2.4H4.72)!16H30! 2.25!(1.99H2.73)! 2.23!(1.86H2.86)! 2.40!(1.78H3.04)! 2.23!(1.63H2.93)! 2.56!(1.97H3.66)!31H45! 2.06!(1.81H2.57)! 2.06!(1.89H2.45)! 2.09!(1.87H3.44)! 2.51!(1.53H3.04)! 2.69!(2.14H3.55)!46H60! 2.08!(1.74H2.93)! 2.14!(1.92H2.78)! 2.00!(1.72H2.49)! 2.43!(1.44H2.91)! 3.16!(2.63H3.86)!61+! 2.14!(1.64H3.12)! 2.23!(1.73H3.01)! 2.05!(1.71H2.98)! 2.41!(1.62H3.27)! 3.11!(2.51H3.83)!
! ! ! ! ! !All!ages! 2.20!(1.80H3.00)! 2.18!(1.83H2.92)! 2.12!(1.76H3.36)! 2.29!(1.49H3.02)! 2.96!(2.12H3.91)!!826! !827! ! !828!
!
!
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Table!3:!!Ratios!applied!to!FLEHS!II!arithmetic!mean!concentrations!and!Australian!pool!concentrations!to!estimate!95th!829! percentiles.!830!
Analyte!
P95:mean!Ratio!(95%!CI)!by!Age!Group!Source!0H4! 5H15! 16H30! 31H45! 46H60! 61+!PCB!138! 2.2!(1.8H3)!Unified!AllHAges!(Table!2)!PCB!153! 2.18!(1.8H2.9)!Unified!AllHAges!(Table!2)!PCB!180! 2.12!(1.8H3.4)!Unified!AllHAges!(Table!2)!HCB! 2.3!(1.5H3.0)!Unified!AllHAges!(Table!2)!DDE! 3.0!(2.1H3.9)!Unified!AllHAges!(Table!2)!PBDE!47! 3.3!(2.3H4.1)!NHANES!2003H2004!Ages!12H15! 3.3!(2.3H4.1)!NHANES!2003H2004!Ages!12H15! 3.2!(2.5H4.2)!NHANES!2003H2004!AgeHspecific! 2.7!(1.9H3.5)!NHANES!2003H2004!AgeHspecific!
!
4.8!(3.4H7)!NHANES!2003H2004!AgeHspecific! 4.2!(3.3H5)!NHANES!2003H2004!Ages!61H80!PFOA! 1.8!(1.6H2.0)!NHANES!2009H2010!Ages!12H15! 1.8!(1.6H2.0)!NHANES!2009H2010!Ages!12H15! 2.0!(1.9H2.3)!NHANES!2009H2010!AgeHspecific! 2.2!(2.0H2.5)!NHANES!2009H2010!AgeHspecific! 2!(1.7H2.5)!NHANES!2009H2010!AgeHspecific!
!
2!(1.9H2.3)!NHANES!2009H2010!Ages!61H80!PFOS! 2.3!(1.9H3.1)!NHANES!2009H2010!Ages!12H15! 2.3!(1.9H3.1)!NHANES!2009H2010!Ages!12H15! 2.1!(1.9H2.5)!NHANES!2009H2010!AgeHspecific! 2.6!(2.2H2.6)!NHANES!2009H2010!AgeHspecific! 2.3!(2H3.2)!NHANES!2009H2010!AgeHspecific!
!
2.5!(2.3H2.8)!NHANES!2009H2010!Ages!61H80!
!
!
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Table!4:!!Arithmetic!means!(95%!CIs)!of!pooled!sample!concentrations!(4!pools!of!100!831! samples!per!age!group)!from!the!Australian!2011D2012!sampling!campaign!and!estimated!832! 95th!percentiles!with!95%!CIs!for!the!target!analytes.!833!
Compound( Age(Group(
201112012(Mean(
((95%CI)(
Estimated(95th(%ile((
(95%CI)(
PCB(138(( 014( 3((1.314.6)(( 6.5((5.318.9)((
(ng/g(lipid)( 5115( 2.1((0.513.6)(( 4.6((3.716.2)((
(
16130( 2.2((1.513)(( 4.9((416.7)((
(
31145( 3.4((2.714)(( 7.4((6110.1)((
(
46160( 7.1((5.219)(( 15.6((12.8121.3)((
(
61+( 13.4((11115.7)(( 29.4((24140.1)((
( ( (PCB(153( 014( 3.8((1.615.9)(( 8.2((6.9111)((
(ng/g(lipid)( 5115( 2.9((0.215.7)(( 6.4((5.418.5)((
(
16130( 2.8((1.713.9)(( 6.2((5.218.2)((
(
31145( 4.7((3.515.9)(( 10.2((8.6113.7)((
(
46160( 10.1((7.7112.5)(( 22.1((18.5129.6)((
(
61+( 18.9((16.9120.9)(( 41.3((34.6155.3)((
( ( (PCB(180( 014( 2.5((0.914.1)(( 5.3((4.418.4)((
(ng/g(lipid)( 5115( 2.3((0.414.1)(( 4.8((417.6)((
(
16130( 2.4((1.313.5)(( 5((4.218)((
(
31145( 4.2((2.915.5)(( 9((7.4114.2)((
(
46160( 9.7((6.7112.7)(( 20.6((17.1132.6)((
(
61+( 18.5((15.3121.6)(( 39.2((32.5162.1)((
( ( (HCB( 014( 5((3.716.2)(( 11.3((7.4114.9)((
(ng/g(lipid)( 5115( 3.4((2.314.5)(( 7.8((5.1110.3)((
(
16130( 3.6((2.614.5)(( 8.1((5.3110.7)((
(
31145( 4.4((3.115.8)(( 10.1((6.6113.4)((
(
46160( 9.9((3.4116.3)(( 22.6((14.7129.7)((
(
61+( 36.4((0185)(( 83.3((54.21109.9)((
( ( (DDE( 014( 145((23.91266)(( 429.1((307.31566.8)((
(ng/g(lipid)( 5115( 82.7((24.71140.7)(( 244.7((175.31323.3)((
(
16130( 104.9((3.41206.4)(( 310.5((222.41410.2)((
(
31145( 115((951135)(( 340.3((243.71449.6)((
(
46160( 277.5((208.21346.7)(( 821.3((588.211084.9)((
(
61+( 664.9((298.611031.2)(( 1968((1409.512599.7)((
( ( (PBDE(47( 014( 6.3((4.917.8)(( 21.1((14.6125.7)((
(ng/g(lipid)( 5115( 5.8((3.617.9)(( 19.2((13.3123.3)((
(
16130( 3.8((2.814.7)(( 12((9.5115.8)((
(
31145( 3.4((2.514.3)(( 9.1((6.5111.8)((
(
46160( 2.8((1.614)(( 13.3((9.3119.3)((
(
61+( 3.3((0.915.6)(( 13.6((10.7116.3)((
( ( (PFOA( 014( 5.2((3.217.1)(( 9.2((8.3110.1)((
(ng/ml)( 5115( 4.5((3.715.3)(( 8((7.218.8)((
(
16130( 4.2((3.115.3)(( 8.6((819.5)((
(
31145( 3.7((2.714.6)(( 8.1((7.219.3)((
(
46160( 4.2((3.115.4)(( 8.4((7.3110.4)((
(
61+( 5((4.215.9)(( 10((9.3111.6)((
( ( (PFOS( 014( 5.7((3.517.8)(( 13.2((10.9117.5)((
(ng/ml)( 5115( 8((5.8110.2)(( 18.8((15.5124.9)((
(
16130( 9.8((6.4113.1)(( 20.3((18.5124.1)((
(
31145( 10((4.5115.5)(( 25.5((22.3129.4)((
(
46160( 12.9((6.8119)(( 29.7((26.3140.8)((
(
61+( 15.1((10.4119.9)(( 37.8((34.6141.6)((! !834!
!
!
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Table!5:!!Available!health!riskDbased!screening!criteria!for!target!analytes!based!on!nonD835! cancer!toxicity!endpoints!(reviewed!in!Aylward!et!al.!2013).!!!836!
(
Exposure(Guidance(
Value( External(Dose(value( Toxicity(Endpoint(
BE(or(Biomarker(Guidance(Value(
(ng/g(lipid)(
HCB( MRL,(ATSDR,(2002( 5E105(mg/kg1d( Hepatic(toxicity(in(
rats(
47(ng/g(lipid( (
DDE( EPA(RfD,(1996( 5E104(mg/kg1d((as(DDT)( Hepatic(toxicity(in(
rats(
5000(ng/g(lipid1(
PCBs( ANSES("concentration(of(
concern",(2010(
NA( Neurodevelopment
al(endpoints(in(
infants(and(
children;(various(
endpoints(in(other(
adults(
700(ng/g2(lipid((infants,(children,(
women(of(chlidbearing(age)(
1800((ng/g(lipid((other(adults)(
( ( ( ( ( (NA,(not(applicable.(BE,(biomonitoring(equivalents.(837!
1(As(sum(of(DDT,(DDE,(DDD(838!
2((Sum(of(PCBs(138,(153,(and(180(x(1.7.(839!
(840! ! !841!
!
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Figure!captions!842! Figure!1:!!PCBs!138,!153,!and!180.!!The!panel!on!the!left!shows!the!arithmetic!means!for!843! each!included!population!with!the!95%!confidence!interval!on!the!mean.!!The!panel!on!the!844! right!shows!the!P95:mean!ratio!with!95%!CI!based!on!bootstrapping!as!described!in!the!845! text.!!846! !847! Figure!2:!!HCB,!!DDE,!and!PBDE!47.!!See!Figure!1!legend!for!description!of!the!figures.!848! !849! Figure!3:!!PFOA!and!PFOS.!!See!Figure!1!legend!for!description!of!the!figures.!850! !851! Figure!4:!!Arithmetic!means!(bars)!and!observed!95th!percentiles!(squares)!from!the!FLEHS!852! II!dataset,!and!predicted!95th!percentiles!(triangles)!based!on!application!of!the!P95:mean!853! ratios!identified!in!Table!3!to!the!arithmetic!mean!concentrations!in!the!FLEHS!II!dataset.!!854! !!855! !856! ! !857!
!
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Supplementary!Data!858! !859! Population!Variation!in!Biomonitoring!Data!for!Persistent!Organic!Pollutants!(POPs):!An!860! Examination!of!Multiple!PopulationDBased!Datasets!for!Application!to!Australian!Pooled!861! Biomonitoring!Data!862! !863! Lesa!L.!Aylward1,!2,!Evan!Green3,!Miquel!Porta4,!LeisaDMaree!Toms5,!Elly!Den!Hond6,!864! Christine!Schulz7,!Magda!Gasull4,!Jose!Pumarega4,!André!Conrad7,!Marike!KolossaDGehring7,!865! Greet!Schoeters6!,!Jochen!F.!Mueller2!866! !867!
1!Summit!Toxicology!LLP,!Falls!Church,!VA!USA!868!
2!National!Research!Centre!for!Environmental!Toxicology!(ENTOX),!University!of!869! Queensland,!Brisbane,!Queensland,!Australia!870!
3!Statistics!Canada,!Ottawa,!Ontario,!Canada!871!
4!Hospital!del!Mar!Institute!of!Medical!Research!D!IMIM,!Barcelona,!CIBER!en!Epidemiología!872! y!Salud!Pública,!and!Universitat!Autònoma!de!Barcelona,!Spain!873!
5!Queensland!University!of!Technology,!Brisbane,!Queensland,!Australia!874!
6!Flemish!Institute!of!Technology!(VITO),!Mol,!Belgium!875!
7!Federal!Environment!Agency!(UBA),!Berlin/DessauDRoßlau,!Germany!876! !877! Summary!Statistical!Tables!for!Included!Surveys!878! This!project!examined!available!biomonitoring!datasets!from!the!US!National!Health!and!879! Nutrition!Examination!Survey!(NHANES),!the!Canadian!Health!Measures!Survey!(CHMS),!880! the!German!Environmental!Survey!(GerES),!the!Catalan!Health!Interview!Survey!(CHIS),!and!881! the!Flemish!Environmental!Health!Survey!II!(FLEHS!II)!to!inform!interpretation!of!the!882! Australian!pooled!biomonitoring!data.!!Tables!of!summary!statistics!for!the!GerES!(Table!883!
!
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S1),!the!CHIS!(Table!S2),!NHANES!(Table!S3),!CHMS!(Table!S4),!and!FLEHS!II!(Table!S5)!are!884! presented!here.!885! !886! Table!S1:!Arithmetic!mean!(AM),!geometric!mean!(GM),!geometric!standard!deviation!887! (GSD),!95th!percentile!(p95),!and!P95:AM!ratios!from!the!German!Environmental!Survey!888! (GerES).!!Note!that!for!age!group!7D14!data!are!from!GerES!IV,!from!samples!collected!from!889! 2003D2006,!while!the!data!for!the!remaining!age!groups!was!from!the!GerES!III,!conducted!890! in!1998.!!Concentrations!measured!in!whole!blood.!891! !892!
Compound( Age(Group( AM((95%CI)( GM( GSD( p95( P95:AM(ratio((95%(CI)(
PCB(138( 7114( 0.11((0.11,(0.12)( 0.09( 2.08( 0.27( 2.4((2.27,(2.61)(
(ug/L)( 16130( 0.24((0.22,(0.25)( 0.19( 1.90( 0.53( 2.3((2.01,(2.45)(
(
31145( 0.46((0.43,(0.48)( 0.38( 1.85( 0.93( 2.0((1.96,(2.19)(
(
46160( 0.74((0.71,(0.77)( 0.63( 1.78( 1.50( 2.0((1.95,(2.15)(
(
61+( 0.96((0.89,(1.03)( 0.82( 1.73( 1.98( 2.0((1.88,(2.21)(
( ( ( ( ( (PCB(153( 7114( 0.17((0.16,(0.18)( 0.13( 2.06( 0.43( 2.6((2.35,(2.82)(
(ug/L)( 16130( 0.37((0.35,(0.39)( 0.31( 1.90( 0.86( 2.3((2.08,(2.48)(
(
31145( 0.73((0.7,(0.77)( 0.61( 1.88( 1.46( 2.0((1.9,(2.12)(
(
46160( 1.19((1.15,(1.24)( 1.03( 1.77( 2.38( 2.0((1.93,(2.08)(
(
61+( 1.51((1.41,(1.63)( 1.32( 1.69( 3.11( 2.1((1.82,(2.39)(
( ( ( ( ( (PCB(180( 7114( 0.1((0.09,(0.1)( 0.07( 2.49( 0.28( 2.9((2.71,(3.11)(
(ug/L)( 16130( 0.21((0.2,(0.23)( 0.16( 2.11( 0.50( 2.4((2.25,(2.69)(
(
31145( 0.49((0.47,(0.52)( 0.40( 1.90( 1.02( 2.1((1.95,(2.17)(
(
46160( 0.85((0.82,(0.88)( 0.72( 1.83( 1.71( 2.0((1.92,(2.12)(
(
61+( 1.07((0.99,(1.15)( 0.91( 1.73( 2.09( 2.0((1.7,(2.21)(
( ( ( ( ( (DDE( 7114( 0.3((0.28,(0.33)( 0.21( 2.28( 0.91( 3.0((2.78,(3.54)(
(ug/L)( 16130( 1.04((0.96,(1.13)( 0.76( 2.15( 2.72( 2.6((2.36,(2.97)(
(
31145( 2.16((2.02,(2.32)( 1.43( 2.41( 6.73( 3.1((2.8,(3.63)(
(
46160( 3.52((3.25,(3.8)( 2.29( 2.58( 11.18( 3.2((2.84,(3.47)(
(
61+( 4.42((3.94,(4.94)( 3.10( 2.31( 13.37( 3.0((2.71,(3.29)(
( ( ( ( ( (HCB( 7114( 0.11((0.11,(0.11)( 0.10( 1.61( 0.20( 1.9((1.77,(2.03)(
(ug/L)( 16130( 0.21((0.19,(0.24)( 0.16( 2.01( 0.47( 2.2((2.05,(2.47)(
(
31145( 0.49((0.46,(0.54)( 0.34( 2.31( 1.31( 2.7((2.43,(3.19)(
(
46160( 1.05((0.99,(1.12)( 0.76( 2.35( 2.66( 2.5((2.3,(2.74)(
(
61+( 1.89((1.61,(2.25)( 1.22( 2.48( 5.23( 2.8((2.37,(3.47)(!893! !894! ! !895!
!
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Table!S2:!!Arithmetic!mean!(AM),!geometric!mean!(GM),!geometric!standard!deviation!896! (GSD),!95th!percentile!(p95),!and!P95:AM!ratios!from!the!Catalan!Health!Interview!Survey!897! (CHIS).!898!
Compound( Age(Group( AM((95%CI)( GM( GSD( p95( P95:AM(ratio((95%(CI)(
PCB(138( 16130( 45.3((40.2,(51.1)( 33.1( 2.5( 101.3( 2.2((1.9,(3)(
(ng/g(lipid)( 31145( 74.2((65.9,(84.9)( 56.1( 2.4( 145.0( 2.0((1.8,(2.5)(
(
46160( 118.7((99,(149.6)( 90.7( 2.1( 235.4( 2.0((1.7,(2.4)(
(
60+( 145.2((127.4,(165.3)( 121.5( 1.8( 284.9( 2.0((1.5,(2.8)(
( ( ( ( ( (PCB(153( 16130( 60.6((54.5,(67.2)( 47.2( 2.3( 122.5( 2.0((1.8,(2.6)(
(ng/g(lipid)( 31145( 99.7((92.5,(108.4)( 84.2( 2.0( 209.4( 2.1((1.8,(2.3)(
(
46160( 149.5((136.5,(162.2)( 124.4( 2.1( 329.7( 2.2((1.9,(2.5)(
(
60+( 209.2((183,(238.8)( 171.9( 1.9( 528.5( 2.5((1.7,(2.9)(
( ( ( ( ( (PCB(180( 16130( 48.9((44.7,(54)( 40.7( 1.9( 98.7( 2((1.7,(2.4)(
(ng/g(lipid)( 31145( 83.1((77.3,(89.5)( 74.3( 1.6( 171.9( 2.1((1.8,(2.2)(
(
46160( 114.5((104.2,(125.5)( 99.0( 1.7( 228.9( 2((1.7,(2.2)(
(
60+( 149.8((131.3,(171.1)( 124.4( 1.7( 341.3( 2.3((1.7,(3.2)(
( ( ( ( ( (DDE( 16130( 262.9((219.1,(313.8)( 196.1( 2.0( 548.5( 2.1((1.9,(4)(
(ng/g(lipid)( 31145( 515.8((450,(595.1)( 373.7( 2.2( 1185.4( 2.3((2.1,(3)(
(
46160( 995.5((851.5,(1148.5)( 648.7( 2.6( 3532.4( 3.5((2.5,(4.1)(
(
60+( 1267.4((1079,(1478.7)( 878.6( 2.5( 3910.8( 3.1((2.4,(3.6)(
( ( ( ( ( (HCB( 16130( 88.1((73,(106.3)( 54.7( 3.0( 240.2( 2.7((2.2,(3.1)(
(ng/g(lipid)( 31145( 184.4((162,(211.2)( 106.0( 3.8( 472.0( 2.6((2.3,(3.1)(
(
46160( 375.8((329,(423.9)( 254.5( 2.7( 971.9( 2.6((2.2,(3)(
(
60+( 532((455,(610.2)( 383.7( 2.4( 1302.7( 2.4((2.1,(2.8)(
( ( ( ( ( (!899! ! !900!
!
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Table!S3:!!Arithmetic!mean!(AM),!geometric!mean!(GM),!geometric!standard!deviation!901! (GSD),!95th!percentile!(p95),!and!P95:AM!ratios!from!the!US!National!Health!and!Nutrition!902! Examination!Survey!(NHANES)!datasets.!!Summary!statistics!for!two!cycles!of!collection!for!903! PFOA!and!PFOS!are!presented:!!1999D2000,!and!2009D2010.!904!
Compound( Age(Group( AM((95%CI)( GM( GSD( p95( P95:AM(ratio((95%(CI)(
PCB(138( 12115( 5.8((4.6,(7)( 4.6( 1.9( 14.5( 2.5((2,(2.8)(
(ng/g(lipid)( 16130( 7.9((7.1,(8.8)( 6.4( 1.9( 18.8( 2.4((2.1,(2.8)(
(
31145( 18.1((15.7,(20.4)( 14.2( 2.0( 38.5( 2.1((2,(2.8)(
(
46160( 31.8((25,(38.5)( 25.2( 2.0( 75.8( 2.4((2.1,(3.1)(
( 60+( 52.4((45.7,(59.2)( 41.1( 2.0( 135.0( 2.6((2.4,(3.2)(
( ( ( ( ( ( (PCB(153( 12115( 7.4((5.8,(8.9)( 5.4( 2.0( 18.5( 2.5((2,(4)(
(ng/g(lipid)( 16130( 10.1((8.9,(11.3)( 7.9( 2.0( 21.9( 2.2((2,(2.9)(
(
31145( 23.2((20,(26.4)( 18.5( 2.0( 49.8( 2.1((2,(2.5)(
(
46160( 42.7((35,(50.5)( 34.7( 1.9( 103.0( 2.4((2.1,(2.9)(
( 60+( 68.8((60.8,(76.8)( 56.8( 1.8( 169.0( 2.5((2.2,(3.1)(
( ( ( ( ( ( (PCB(180( 12115( 4.9((3.7,(6.2)( 2.8( 2.7( 14.8( 3((2, 5.8)(
(ng/g(lipid)( 16130( 6.7((5.9,(7.5)( 4.8( 2.3( 18.5( 2.8((2.4,(3.5)(
(
31145( 19.5((16.1,(22.8)( 15.3( 2.0( 44.6( 2.3((2,(3.5)(
(
46160( 36((31.8,(40.3)( 30.9( 1.8( 75.8( 2.1((1.8,(2.6)(
( 60+( 57.9((50.6,(65.1)( 50.2( 1.7( 117.0( 2((1.9,(2.3)(
( ( ( ( ( ( (DDE( 12115( 195.5((123.5,(267.5)( 98.1( 2.7( 637.0( 3.3((2.3,(5.4)(
(ng/g(lipid)( 16130( 220.1((159,(281.1)( 125.5( 2.4( 577.0( 2.6((2,(3.2)(
(
31145( 409.2((288.9,(529.5)( 211.5( 2.6( 1020.0( 2.5((2.1,(3.2)(
(
46160( 602((415.5,(788.5)( 341.3( 2.8( 1870.0( 3.1((2.7,(3.7)(
( 60+( 1090.9((845.2,(1336.7)( 591.6( 3.2( 3970.0( 3.6((2.7,(4)(
( ( ( ( ( ( (HCB( 12115( 14.6((13.4,(15.7)( 13.1( 1.6( 27.4( 1.9((1.6,(2.6)(
(ng/g(lipid)( 16130( 14.3((13.2,(15.3)( 13.2( 1.4( 24.4( 1.7((1.6,(1.8)(
(
31145( 16.4((14.6,(18.2)( 14.7( 1.5( 26.5( 1.6((1.5,(1.8)(
(
46160( 17.5((16,(19)( 15.9( 1.5( 26.4( 1.5((1.4,(1.7)(
( 60+( 20.8((19.5,(22.1)( 19.2( 1.5( 37.4( 1.8((1.6,(2)(
( ( ( ( ( ( (PBDE(47( 12115( 43.2((35.2,(51.1)( 28.6( 2.5( 144.0( 3.3((2.3,(4.1)(
(ng/g(lipid)( 16130( 45.7((33.9,(57.6)( 24.3( 2.8( 146.0( 3.2((2.5,(4.2)(
(
31145( 40.3((23.3,(57.3)( 18.8( 2.9( 109.0( 2.7((1.9,(3.5)(
(
46160( 50((31.7,(68.3)( 18.5( 3.7( 240.0( 4.8((3.4,(7)(
( 60+( 51.1((33.7,(68.5)( 18.9( 3.8( 214.0( 4.2((3.3,(5)(
( ( ( ( ( ( (PFOA((09110)( 12115( 3((2.5,(3.4)( 2.7( 1.6( 5.3( 3((2.5,(3.4)(
(ng/ml)( 16130( 3.4((3,(3.8)( 2.9( 1.9( 7.0( 3.4((3,(3.8)(
(
31145( 3.3((2.9,(3.7)( 2.8( 1.9( 7.4( 3.3((2.9,(3.7)(
(
46160( 3.8((3.4,(4.2)( 3.3( 1.8( 7.6( 3.8((3.4,(4.2)(
( 60+( 4.2((3.6,(4.8)( 3.5( 1.9( 8.4( 4.2((3.6,(4.8)(
( ( ( ( ( ( (PFOS((09,(10)( 12115( 7.7((5.8,(9.7)( 6.4( 1.8( 18.1( 2.3((1.9,(3.1)(
(ng/ml)( 16130( 9.6((8,(11.2)( 7.6( 2.0( 20.0( 2.1((1.9,(2.5)(
(
31145( 10.5((7.9,(13.2)( 7.7( 2.2( 26.9( 2.6((2.2,(3)(
(
46160( 14((11.1,(16.9)( 10.7( 2.0( 32.2( 2.3((2,(3.2)(
( 60+( 18.5((14.5,(22.5)( 13.5( 2.2( 46.2( 2.5((2.3,(2.8)(
( ( ( ( ( ( (PFOA((99,(00)( 12115( 6.4((5.6,(7.1)( 5.8( 1.6( 11.9( 1.9((1.7,(2.7)(
(ng/ml)( 16130( 5.8((5.3,(6.4)( 5.2( 1.6( 11.0( 1.9((1.7,(2.2)(
(
31145( 6.4((4.9,(7.9)( 5.3( 1.7( 11.1( 1.7((1.5,(2.2)(
(
46160( 6.7((5.3,(8.1)( 5.4( 1.8( 14.6( 2.2((1.7,(2.6)(
( 60+( 5.8((4.4,(7.3)( 4.8( 1.9( 11.5( 2((1.7,(2.4)(
( ( ( ( ( ( (PFOS((99,(00)( 12115( 34.3((30.2,(38.3)( 31.3( 1.6( 57.6( 1.7((1.6,(1.9)(
(ng/ml)( 16130( 31.1((27.8,(34.5)( 27.7( 1.6( 56.8( 1.8((1.7,(2.2)(
(
31145( 36.2((28.9,(43.6)( 29.5( 1.8( 76.5( 2.1((1.8,(2.8)(
(
46160( 38.8((32.3,(45.3)( 33.2( 1.8( 78.3( 2((1.8,(2.6)(
( 60+( 40((33.5,(46.5)( 33.5( 1.9( 97.5( 2.4((1.9,(2.8)(
!
!
! 47!
Table!S4:!!Arithmetic!mean!(AM),!95th!percentile!(p95),!and!P95:AM!ratios!from!the!905! Canadian!Health!Measures!Survey!(CHMS).!!Geometric!means!and!geometric!standard!906! deviations!were!not!available!for!this!tabulation.!907!
Compound( Age(Group( AM((95%CI)( P95(
P95:AM(ratio(
(95%(CI)(
PCB(138( 16130( 6.1((4.7,(7.4)( 14( 2.3((2,(3.8)(
(ng/g(lipid)( 31145( 9.5((8.2,(11)( 24( 2.5((2.2,(2.7)(
(
46160( 19((16,(22)( 48( 2.6((2.3,(3.3)(
( 60+( 28((24,(33)( 68( 2.4((2.1,(2.8)(
( ( ( ( (PCB(153( 16130( 10((7.4,(14)( 28( 2.7((1.9,(3.8)(
(ng/g(lipid)( 31145( 17((14,(20)( 39( 2.3((2,(2.7)(
(
46160( 36((29,(43)( 96( 2.6((2.3,(3.5)(
( 60+( 55((48,(63)( 140( 2.5((2,(2.8)(
( ( ( ( (PCB(180( 16130( 7.7((4.5,(11)( 11a( 2.3((1.7,(4.2)(
(ng/g(lipid)( 31145( 14((11,(16)( 30( 2.2((2,(2.6)(
(
46160( 33((25,(41)( 11a( 2.3((2,(4.5)(
( 60+( 53((46,(60)( 140( 2.6((2,(3)(
( ( ( ( (DDE( 16130( 150((110,(200)( 11a( 3.2((2.7,(5.8)(
(ng/g(lipid)( 31145( 250((140,(350)( 11a( 3.6((2.1,(6)(
(
46160( 310((200,(420)( 1000( 3.2((2.6,(4.3)(
( 60+( 680((280,(1100)( 1600( 2.4((1.9,(3.8)(
( ( ( ( (HCB( 16130( 8.1((7.1,(9.1)( 16( 2((1.8,(2.3)(
(ng/g(lipid)( 31145( 12((9.5,(15)( 33( 2.7((1.8,(3.4)(
(
46160( 13((10,(16)( 26( 2((1.7,(2.3)(
( 60+( 17((14,(21)( 35( 2((1.6,(2.7)(
( ( ( ( (PBDE(47( 16130( 26((18,(34)( 100( 3.8((2.7,(5.8)(
(ng/g(lipid)( 31145( 16((13,(20)( 62( 3.8((2.9,(4.1)(
(
46160( 23((14,(32)( 62( 2.7((2.1,(3.5)(
( 60+( 24((17,(31)( 71( 3((2.5,(3.8)(
( ( ( ( (PFOA(( 16130( 2.9((2.7,(3.1)( 5.4( 1.9((1.7,(2)(
(ng/ml)( 31145( 2.7((2.5,(2.9)( 5.1( 1.9((1.8,(2)(
(
46160( 2.9((2.7,(3.1)( 5.5( 1.9((1.8,(2)(
( 60+( 3.2((3,(3.4)( 6.2( 2((1.8,(2.1)(
( ( ( ( (PFOS(( 16130( 10((9,(11)( 20( 1.9((1.8,(2.6)(
(ng/ml)( 31145( 11((8.8,(13)( 24( 2.2((1.9,(3.1)(
(
46160( 11((9.8,(12)( 29( 2.6((2.2,(2.9)(
( 60+( 14((12,(15)( 30( 2.2((212.4)(a!Estimate!not!provided!due!to!large!coefficient!of!variation.!908! ! !909!
!
!
! 48!
Table!S5:!!Arithmetic!mean!(AM),!geometric!mean!(GM),!geometric!standard!deviation!910! (GSD),!and!95th!percentiles!(p95)!from!the!Flemish!Environment!and!Health!Survey!II!911! (FLEHS!II).!!P95:AM!ratios!were!not!calculated!for!this!dataset!because!it!was!used!as!a!912! validation!dataset.!913!
Compound( Age(Group( AM((95%(CI)( GM( GSD( p95(
( ( ( ( ( (PCB(138( Newborn( 20.1((18.6,(21.6)( 16.4( 2.0( 42.3(
(ng/g(lipid)( 13115( 13.3((12.3,(14.2)( 10.7( 1.9( 29.1(
(( 16130( 14.9((12,(17.9)( 12.2( 2.0( 39.9(
( ( ( ( ( (PCB(153( Newborn( 31.1((28.9,(33.3)( 26.4( 1.8( 66.4(
(ng/g(lipid)( 13115( 21.4((19.9,(22.8)( 17.4( 1.9( 45.6(
(( 16130( 23.3((19.3,(27.4)( 19.9( 1.8( 58.8(
( ( ( ( ( (PCB(180( Newborn( 18.4((16.9,(19.9)( 14.7( 2.0( 43.4(
(ng/g(lipid)( 13115( 12.8((11.7,(14)( 9.3( 2.2( 30.9(
(( 16130( 14((11.2,(16.8)( 11.2( 2.0( 38.5(
( ( ( ( ( (HCB( Newborn( 12.4((10.9,(13.9)( 9.4( 2.0( 26.9(
(ng/g(lipid)( 13115( 9.3((8.8,(9.9)( 8( 1.7( 16.7(
(( 16130( 8.2((7,(9.3)( 7.1( 1.8( 16(
( ( ( ( ( (DDE( Newborn( 101.3((90.4,(112.1)( 77.7( 2.0( 270.2(
(ng/g(lipid)( 13115( 84.1((69.6,(98.5)( 54.7( 2.2( 212.3(
(( 16130( 89((51,(127.1)( 55.4( 2.3( 484.3(
( ( ( ( ( (PBDE(47( Newborn( 11( 11( 11( 11(
(ng/g(lipid)( 13115( 0.7((0.6,(0.9)( 0.5( 2.0( 2.2(
(( 16130( 0.6((0.4,(0.8)( 0.4( 1.9( 3(
( ( ( ( ( (PFOA( Newborn( 1.6((1.5,(1.7)( 1.5( 1.5( 3(
(ug/L)( 13115( 2.6((2.5,(2.8)( 2.5( 1.3( 4(
(
16130( 3.4((3.1,(3.7)( 3.1( 1.6( 6.4(
( 31145( 3.5((3.3,(3.8)( 3.2( 1.6( 6.3(
( ( ( ( ( (PFOS( Newborn( 3.1((2.8,(3.3)( 2.6( 1.7( 5.7(
(ug/L)( 13115( 6.9((5.8,(7.9)( 5.6( 1.7( 13(
(
16130( 12.1((10.1,(14.2)( 10( 1.8( 29.6(
( 31145( 14.9((13.4,(16.4)( 12.7( 1.8( 32.4(!914! !915!
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